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Localization of parathyroid-hormone-independent sodium bi-
carbonate inhibition of tubular phosphate reabsorption. We inves-
tigated phosphate transport along superficial nephrons in two
groups of acutely parathyroidectomized (APTX) rats. Animals of
group I were infused with 0.5 M sodium chloride; and those of
group 2, with 0.5 M sodium bicarbonate at the same rates. Com-
pared to the sodium chloride infusion, the sodium bicarbonate
infusion was associated with a significant increase in urinary ex-
cretion of phosphate: the fractional phosphate excretion was 2.3
(SD) 1.3% in the sodium chloride group and 14.4 3.2% in the
sodium bicarbonate group, P <0.01, whereas the fractional sodium
excretion was identical, 7.4 0.60% and 7.5 0.50%. Micro-
puncture studies performed at the late accessible proximal and
early accessible distal sites of the same superficial nephrons in-
dicate that the reabsorptive capacity for phosphate (absolute
reabsorption/absolute delivered phosphate per nephron segment)
is decreased during sodium bicarbonate infusion in the con-
voluted proximal tubule as well as in the loop (segment located
between late proximal and early distal accessible convolutions)
and the terminal nephron. Such an effect is independent of both
parathyroid hormone secretion and extracellular fluid volume ex-
pansion.
Localisation de l'inhibition par le bicarbonate de sodium, in-
dépendamment de l'hormone parathyroidiene de Ia reabsorption
tubulaire du phosphate. Le transport de phosphate le long des
nephrons superficiels a etC CtudiC dans deux groupes de rats en
situation de parathyroidectomie aiguC (APTX). Les animaux du
groupe 1 ont etC perfuses avec 0,5 M chlorure de sodium et ceux
du groupe 2 avec 0,5 si bicarbonate de sodium au mCme debit.
Par comparaison avec l'effet du chlorure de sodium, Ia perfusion
de bicarbonate de sodium est contemporaine d'une augmentation
significative de l'excrétion urinaire de phosphate: l'excrCtion
fractionnelle est de 2,3 1,3% (moyenne deviation standard)
dans Ic groupe chlorure de sodium et 14,4 3,2% dans le groupe
bicarbonate de sodium, P < 0.001, alors que l'excrCtion fraction-
nelle du sodium est identique, 7,4 0,60% et 7,5 0,50%. Les
microponctions rCalisées a la fin du tube proximal et au debut du
tube distal accessibles indiquent que la capacitC de reabsorption
pour le phosphate (reabsorption absolue/débit absolu délivré a
chaque segment) est diminuée au cours de Ia perfusion de bi-
carbonate de sodium dans Ic tube contournC proximal de même
que dans l'anse (segment compris entre Ia fin du proximal et le
debut du distal accessibles) et dans Ic nCphron terminal. Cet effet
est indCpendant de la sCcrCtion d'hormone parathyroidienne et
de l'expansion des liquides extra-cellulaires.
Sodium bicarbonate infusion elicits phosphaturia
in several mammalian species [1—5]. Despite numer-
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ous studies, there is still a controversy about the
mechanism (or mechanisms) for such an effect: in-
creased parathyroid hormone (PTH) secretion, ex-
tracellular fluid volume expansion, preferential
reabsorption of monobasic sodium phosphate [6-
11] (for review, see Ref. 12). So far, however, the
localization along the nephron of the bicarbonate-
induced decrease of tubular phosphate reabsorption
has not been investigated.
The present micropuncture study, comparing the
effect of sodium chloride and sodium bicarbonate
infusions in acutely parathyroidectomized rats
(APTX), was intended to disclose the nephron site
or sites of the bicarbonate-associated inhibition of
phosphate reabsorption. The results indicated that
the reabsorptive capacity for phosphate (absolute
reabsorption/absolute delivered phosphate per
nephron segment) is decreased in the proximal con-
voluted tubule, in the loop, and in the terminal
nephron. Moreover, the protocol was such that this
inhibition cannot be accounted for by PTH secre-
tion or extracellular fluid volume expansion.
Methods
Clearance and micropuncture studies were per-
formed on ten parathyroidectomized (PTX) male
rats (Sprague Dawley, CNRS, Orleans La Source,
France), of average weight, 198 (sEM) 6 g. Labo-
ratory chow of constant composition was made
available to all rats until 13 to 15 hours prior to an
experiment. The composition of the chow was: cal-
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cium, 230 mmoles kg-'; magnesium, 64 mmoles
kg-'; phosphorus, 297 mmoles kg-', vitamin D,
4000 IU kg-'; sodium, 130 mmoles kg-'; potas-
sium, 173 mmoles kg—1. Free access to water was
allowed. Anesthesia was achieved by the i.p. ad-
ministration of 5-ethyl-5- 1-methylpropyl-2-thiobar-
biturate sodium (Inactin, 10 mg 100 g' body
wt). The animals were placed on a heated table, and
the rectal temperature was maintained between 35.5
and 37•50 C. Isotonic saline was infused via a tail
vein at a constant rate of 25 pJ . min' 100 g of
body wt. The arterial blood pressure was mon-
itored, and blood samples were obtained through a
catheter inserted into the right common carotid ar-
tery. A tracheotomy was performed and animals
breathed room air. Parathyroidectomy was per-
formed surgically 3 hours prior to the beginning of
the experiments. Both ureters were catheterized to
establish that urine flow from both kidneys was sim-
ilar. The experimental kidney was always the left
one. During surgery, estimated fluid losses were re-
placed by a single i.v. supplemental injection of 0.15
M sodium chloride (0.5 ml 100 g' of body wt). A
priming dose of radioisotopes was given at the end
of the surgery: tritiated inulin (methoxy-inulin-3H,
New England Nuclear) and phosphate 32 (32P neu-
tral sodium phosphate, Commissariat a l'Energie
Atomique, Saclay, France). The priming dose was
followed immediately by the infusion, via the route
of the tail vein sodium chloride infusion, of the sus-
taining dose of isotopes (5% of the priming dose of
tritiated inulin and 1% of the priming dose of radio-
phosphate per minute).
The experiments began after a 90-mm equilibra-
tion period. The left kidney was exposed, immobi-
lized, covered with mineral oil, and illuminated.
The early accessible distal and the late accessible
proximal convolutions of the same superficial neph-
ron were located by stereomicroscopic observation
after an injection of about 1 to 2 nl of lissamine
green (0.4% weight per volume in 0.15 M sodium
chloride) in the proximal tubule via a micropipette
whose external tip diameter was 3 to 4 j.. Then, the
accessible early distal and late proximal con-
volutions of each nephron studied were micro-
punctured. Samples of tubular fluid were obtained
during the distal immobilization of a previously in-
jected oil column. The duration of the collection
was 3 mm for distal samples and 2 mm for proximal
ones. A blood sample was obtained every 30 mm on
dried sodium heparinate. Urine from the experi-
mental kidney was collected in a weighed tube dur-
ing sequential periods of 30 mm's duration. Overall,
three to six clearance periods were performed, and
four to six nephrons were sampled in each rat (50
nephrons in ten rats). The animals were divided into
two groups of five rats each. Group 1 received a 0.5
M sodium chloride infusion via the right jugular vein
at a rate of 25 pl min' 100 g of body wt. Group
2 received a 0.5 M sodium bicarbonate infusion by
the same route and at the same rate used for group
1. The sodium bicarbonate infusion was supple-
mented with potassium chloride to deliver 4 X
l0 moles min . 100 g' of body wt. The in-
fusions and the administration of isotopes in both
groups started at the same time.
An additional group of eight APTX animals was
studied to assess the effect of sodium bicarbonate
loading on blood acid-base parameters. Surgical
preparation was the same as that used for animals
undergoing micropuncture studies. This group com-
prised five animals infused with 0.5 M sodium chlo-
ride and three animals infused with 0.5 M sodium
bicarbonate.
The analytical methods were the same as those
reported previously [13]. Urine pH and blood pH,
Pco2, and Po2 were performed with a pH-blood gas
analyzer (Radiometer, Copenhagen). Plasma bi-
carbonate concentrations were calculated from the
pH and Pco, data by the Henderson-Hasselbalch
equation. For calculation of blood bicarbonate, a
PKa of 6.1 and a carbon dioxide solubility coeffi-
cient of 0.0301 was used.
Statistical analysis was performed using Stu-
dent's t test. For plasma and clearance data, the
mean value obtained from one rat for each parame-
ter was considered as one sample (Tables 1 and 3).
For micropuncture data, each nephron was consid-
ered as a single value (N = 24 and 26, respectively
for the groups infused with sodium chloride and so-
dium bicarbonate). The relationships between the
absolute phosphate reabsorption versus the abso-
lute phosphate delivery to each tubular segment
were treated by covariance analysis [14].
Results
Urine and plas,na data (Table 1). The two groups
showed no significant difference in fractional uri-
nary excretion of sodium. Fractional urinary excre-
tion of inorganic phosphate was, however, signifi-
cantly higher in the group infused with sodium bi-
carbonate. Urinary pH, fractional urinary excretion
of potassium, and plasma pH were significantly
higher in the animals of group 2. Plasma concentra-
tions of sodium, potassium, and calcium did not dif-
fer in both groups, but the plasma concentration of
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inorganic phosphate was significantly lower in
group 2. GFR's were not significantly different.
Single nephron glomerular filtration rates, whether
measured at the proximal or at the distal level, were
not significantly different (Table 2).
Proximal tubule results (Table 2). In the animals
infused with sodium bicarbonate, as compared with
the ones infused with sodium chloride, the ratio of
tubule-to-plasma phosphorus-32 concentrations
(TF/P32p) was significantly higher, and the ratio of
tubule-to-plasma tritiated inulin concentrations
(TF/P3H_lfl) was significantly lower. The filtered load
of phosphate and the absolute and the fractional
reabsorption of phosphate were significantly lower
in the animals infused with sodium bicarbonate.
The relationship between absolute phosphate reab-
sorption by and absolute phosphate delivery to the
proximal tubule is analyzed below.
Distal tubule results (Table 2). At the early acces-
sible distal tubule, the TF/P3HIfl remained signifi-
Table 1. Plasma data and left kidney function in micropuncture experimentsa
Group I (NaCI)(N=5) Group 2 (NaHCO3)(N=5) pb
P1, mM
PCa, mM
PNa,mM
PK, mM
BloodpH
GFR, td min'
100 g body wi
'I,pimin'
U/P3H-In
UnnepH
FEpj
FENa
FEK
2.6 0.10
1.6 0.30
154. 5.2
3.4 0.20
7.48 0.10
694 94
46 3.5
29.4 1.1
6.30 0.30
2.3 1.3
7.4 0.60
19.8 3.30
2.0 0.20
1.4 0.20
152.6 6.00
3.1 0.20
7.75 0.02
630 73
40 3.1
32.0 1.1
8.20 0.10
14.4 3.2
7.5 0.50
30.4 3.50
<0.001
NS
NS
NS
<0.001
NS
NS
NS
<0.001
<0.001
NS
<0.001
a Each value is the mean (± SD) of the five mean values from the five rats of one group. Abbreviations are: V. rate of ureteral urinary
flow; U/P, urine-to-plasma ratio; FE, fractional excretion as percent of filtered load.
0 NS at P < 0.05
Table 2. Results from niicropuncture experiments0
Group 1 (NaCI)(N=24)
Group 2 (NaHCO3)(N=26) P
Late proximal
SNGFR,nl min' 54.67 9.70
Pi filtration, pmoles min/nephron 132.97 18.91
TF/PH 2.06 0.20
TF/P 0.64 0.16
TF/P'p.Ifl>< 100 32.89 9.88
Pireabsorption,pmoles min'/nephron 89.17 17.31
Pidelivery,pmoles ' min/nephron 43.79 14.21
Early distal
SNGFR,nl min' 51.79 8.19
TFIP'H.lfl 4.43 0,86
TF/P 0.29 0.22
TF/PNp/H.Ifl 6.79 5.43
Pidelivery,pmoles . min/nephron 9.50 7.95
Loop
H2Oreabsorbed,%offiltered 25.86 6.45
Pi reabsorbed:
%offiltered 26.10 9.14
%of delivered to the loop 79.36 16.61
Pi reabsorption, pmoles minVnephron 34.28 11.02
Terminal nephron
Pi reabsorbed:
%offiltered 4.60 4.73
%of delivered 48.45 36.72
Pireabsorption,pmoles 'min1Inephron 6.54 6.79
55.52 12.90
102.74 24.66
1.72 0.19
0.95 0.10
55.52 8.18
45.09 13.27
57.65 17.48
52.20 11.23
3.65 0.77
1.04 0.26
31.13 7.98
31.37 9.04
30.18 6.87
24.89 9.48
43.65 14.58
26.28 13.80
16.63 7.45
51.33 14.96
20.37 21.00
NS
<0.001
<0.001
<0.001
<0.001
<0.001
<0.01
NS
<0.01
<0.001
<0.001
<0.001
<0.05
NS
<0.001
<0.05
<0.001
NS
<0.01
a Data are means SD. Abbreviations are defined in Table I.
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cantly lower and the TF/P32p significantly higher in 120
the animals infused with sodium bicarbonate. Frac-
tional delivery of inorganic phosphate was signifi- 100
cantly higher in these animals.
Results from the loop (defined as the nephron 80
segments located between late accessible proximal
and early accessible distal tubule, Table 2). Phos-
phate reabsorption, expressed as fraction of filtered
load, was not significantly different between the two
.
.! 40
groups. In terms of fraction of the phosphate load to
the ioop, however, reabsorption in the sodium bi-
carbonate group was significantly lower. Although
the phosphate load to the loop was higher, the abso-
lute phosphate reabsorption by the loop was lower
in this group.
In the two groups, significant positive correla-
tions appeared between fractional reabsorption ?
water and fractional reabsorption of phosphate in
the same loop (sodium bicarbonate group: r = 0.65,
N = 26,P < 0.001; sodium chloride group: r = 0.60,
N = 24, P < 0.01). No significant correlation was
disclosed between inorganic phosphate escaping
from and delivered to the loop in either group. The
relationship between absolute phosphate reabsorp-
tion by, and absolute phosphate delivery to the loop
is analyzed below.
Comparison of early distal fluid and ureteral
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urine composition (Table 2). Phosphate reabsorp- Inorganic phosphate delivered
tion beyond the early distal tubule was calculated
without regarding the heterogeneity of the nephron
population. The phosphate load delivered at the
pmo/es m1n1 nephron-'
Fig. 1. Linear relationships between absolute inorganic p/los-
phate reabsorption by (ordinate) and absolute delivery to (ab-
scisse) each nephron segment in acutely parathyroidectomized
early distal tubule was significantly higher in the so-
dium bicarbonate group. Phosphate reabsorption,
expressed as a fraction of the load delivered to the
(APTX) rats infused with sodium chloride (N = 24) or sodium
bicarbonate (N = 26). Equations of regression lines were: for
proximal tubule, NaCI: y = 0.6x + 5, r = 0.7, P < 0.001;
NaHCO3: y = 0.4x + 5. r = 0.7, P <0,001; for loop, NaCI: y =
early distal tubule, was not significantly different
between the groups. Phosphate reabsorption ex-
pressed as a fraction of the filtered load, as well as
0.6x + 6,r = O.8,P <0.001; NaHCO3:y 0.7x — 12.8,r 0.9,
P <0.001; for terminal nephron, NaCI: y = 0.8x — 1, r 0.9, P
<0.001; NaHCO3: y = 0.7x — 5, r = 0.8, P <0.001.
absolute phosphate reabsorption, was, however,
significantly higher during the sodium bicarbonate
infusion. The relationship between absolute phos- ance analysis of these linear relationships for each
phate reabsorption by and absolute phosphate de- of the three segments showed a significant differ-
livery to the terminal nephron is analyzed below. ence between the values on the ordinates for the
Analysis of the relationships between phosphate same value on the abscissa (proximal, P < 0.001;
reabsorption by and phosphate delivery to each loop, P < 0.001; terminal, P < 0.01); whereas no
segment (Fig. 1). Because the phosphate loads to deviation from parallelism was disclosed. Thus, in
each segment studied were not similar in the two each segment, phosphate reabsorption for a same
experimental groups, the relationship between the load was significantly lower during sodium bicarbo-
absolute phosphate reabsorption by each of the nate infusion.
three segments (proximal, loop, and terminal neph- Results of the blood acid-base study (Table 3).
ron) and the absolute load delivered to the same Blood pH and blood bicarbonate concentration
segment was studied. A significant linear correla- were significantly higher in the sodium bicarbonate
tion appeared in the two experimental situations group. Blood Pco2 was higher in this group, but not
and for each of the three segments (Fig. 1). Covari- significantly so.
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Table 3. Acid-base data of animals infused with sodium chloride
or sodium bicarbonatea
NaCl NaHCO3(N=5) (N=3) P
Blood
pH 7.48 0.04 7.58 0.01 <0.01
HCO3-, mM 21.7 5.6 36.8 4.4 <0.01
Arterial Pco2, mm Hg 30 8 40 5 NS
Arterial Pu2, mm Hg 59 9 64 10 NS
Urine
pH 6.38 0.50 8.00 0.06 <0.01
a Data are means SD.
b NS at P <0.05.
Discussion
This study shows that an i.v. infusion of sodium
bicarbonate in rats elicits a decrease of tubular
phosphate reabsorption. The possible mediation by
an increase of PTH secretion and/or extracellular
fluid volume expansion was ruled out because (1)
acutely parathyroidectomized (APTX) rats were
studied, and the adequacy of parathyroidectomy
was demonstrated by both the low plasma calcium
concentration (Table 1), compared with the concen-
tration of 2.43 (SD) 0.28 mrvt (N = 14) obtained in
intact animals that were similarly fed and prepared
for experimentation in this laboratory, and the strik-
ingly low urinary excretion of phosphate before
loading with either sodium chloride or sodium bi-
carbonate (1.44 (SD) 0.52 nmoles min1,N = 10,
for the experimental kidney); (2) the fractional so-
dium excretion (Table 1) was identical in experi-
mental, sodium bicarbonate, and control sodium
chloride animals. This finding is quite similar to the
recent observation of Zilenovski et a! [5] obtained
also from PTX rats infused with sodium bicarbonate
and compared with rats infused with sodium chlo-
ride. It is at variance, however, with data obtained
by Mercado, Slatopolsky, and Klahr [6] in 72-hours
TPTX unanesthetized dogs: the moderate increase
in fractional phosphate excretion (0.6 to 4.5%) was
assigned to the definite increase in fractional so-
dium excretion (0.17 to 12.1%). The results report-
ed here also differ from those of Steele [15], who
observed a phosphaturia induced by sodium bi-
carbonate only in hyperphosphatemic but not in
normophosphatemic TPTX rats.
Webb et al recently reported that acute respira-
tory acidosis, obtained with mechanical ventilation
in curare-relaxed rats inspiring a gas mixture con-
taining 10% carbon dioxide, had a direct effect on
the kidney, inducing phosphaturia, independently
of PTH, increased filtered load of phosphate, and
increased plasma bicarbonate concentration [16]. In
the present study, rats breathing room air, during
sodium-bicarbonate-induced metabolic alkalosis
had a slightly higher arterial Pco2, as compared with
the sodium chloride controls (Table 3), but this val-
ue was definitely lower than the very high values
achieved by Webb et al (81 to 86 mm Hg). It has
also been shown that alterations of plasma calcium
concentration may affect urinary excretion of phos-
phate independently of PTH secretion [17, 18]. In
this study, plasma calcium concentration was not
significantly different in either the sodium chloride
or the sodium bicarbonate groups. It cannot be
ruled out, however, that ionized calcium was de-
creased during metabolic alkalosis, although Zile-
novski et al [5] have observed that calcium infusion
did not prevent the phosphaturia of APTX rats un-
dergoing sodium bicarbonate infusion.
The present investigation localizes the inhibitory
effect of bicarbonate infusion on tubular reabsorp-
tion of phosphate to the proximal tubule as well as
to the loop of superficial nephrons and also to the
terminal nephron. The comparison of phosphate
reabsorption by the various tubular segments dur-
ing sodium bicarbonate and sodium chloride in-
fusion has to take into account the differences in the
phosphate loads delivered to those structures. In
the accessible proximal tubule, both the phosphate
load delivered by glomerular filtration and the abso-
lute phosphate reabsorption were significantly
lower in the sodium-bicarbonate-infused animals
(Table 2).
The relationship depicted in Fig. I (upper panel),
together with the covariance analysis, shows that at
a given phosphate load absolute phosphate reab-
sorption is significantly lower in the sodium bi-
carbonate group. The decrease of phosphate reab-
sorption is accounted for mainly by a decrease of
the transtubular phosphate gradient and also by a
decrease of water reabsorption from 52 to 41% (TF/
P111, 2.1 and 1.7, respectively, Table 2). This latter
modification might reflect a decrease in the passive
transport component reported to be driven by the
chloride concentration gradient [19].
The phosphate delivered to the loop is slightly
higher in the sodium bicarbonate group. Never-
theless, absolute phosphate reabsorption by the
loop is slightly lower. Figure 1 (middle panel) shows
that at a given phosphate load absolute phosphate
reabsorption is lower in the sodium bicarbonate
group. The site where phosphate reabsorption oc-
curs in the loop is known to be the pars recta, as
shown by Dennis, Woodhall, and Robinson [9],
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Dennis, Bello-Reuss, and Robinson [20] and Rocha,
Magaldi, and Kokko [21]. This is in keeping with
the observed correlation between phosphate reab-
sorption and water reabsorption. The lack of signifi-
cant correlation between phosphate delivered to the
loop and phosphate escaping from the loop may in-
dicate a gradient-limited reabsorption for phosphate
by the pars recta, which might be a characteristic of
APTX [22]. The phosphate load delivered to the ter-
minal nephron is significantly higher in the sodium
bicarbonate group. Although the mean absolute
phosphate reabsorption is higher in this same
group, examination of the relationship depicted in
Fig. 1 (lower panel) shows that at a given load phos-
phate reabsorption is lower in this group. Evalua-
tion of phosphate reabsorption by the terminal
nephron has to take into account the heterogeneity
of the nephron population. Although it has been
shown that deep nephrons may reabsorb more
phosphate than do superficial ones [23], it has also
been clearly established that distal segments of su-
perficial nephrons do reabsorb phosphate [24-25].
Therefore, the values of terminal phosphate reab-
sorption reported here are possibly overevaluated.
Nevertheless, heterogeneity of the nephron popu-
lation is likely to be similar in APTX rats infused
with either sodium bicarbonate or sodium chloride.
Conclusion. Acute sodium bicarbonate infusion
inhibits tubular phosphate reabsorption all along the
nephron. This effect is not dependent on para-
thyroid hormone and extracellular fluid volume ex-
pansion.
Acknowledgments
Part of this work was presented at the VIIth In-
ternational Congress of Nephrology, Montreal,
June 18-23, 1978. This study was supported by a
grant from the Institut National de la Sante et de la
Recherche Médicale (n° 74.5.099.05).
Reprint requests to Dr. H. E. Kuntziger, Renal Unit, Depart-
ment of Medicine, Centre Hospitalier de Luxembourg, 4, rue
Barblé, Luxembourg, Luxembourg
References
1. MALVIN RL, LOTSPEICH WD: Relation between tubular
transport of inorganic phosphate and bicarbonate in the dog.
AmfPhysiol 187:51—56, 1956
2. MOSTELLAR ME, TUTTLE EP: Effects of alkalosis on plasma
concentration and urinary excretion of inorganic phosphate
in man. J Clin Invest 43:138—149, 1964
3. FULOP M, BRAZEAU P: The phosphaturic effect of sodium
bicarbonate and acetazolamide in dogs. J Clin Invest 47:983-
991, 1968
4. PUSCHETT JB, GOLDBERG M: The relationship between the
renal handling of phosphate and bicarbonate in man. J Lab
Clin Med 73:956—969, 1969
5. ZILENOVSKI AM, KURODA S, BHAT S. BANK DE, BANK N:
Effect of sodium bicarbonate on phosphate excretion in
acute and chronic PTX rats. Am J Physiol 236:F184—Fl91,
1979
6. MERCADO A, SLATOPOLSKY E, KLAHR S: On the mecha-
nisms responsible for the phosphaturia of bicarbonate ad-
ministration. J C/in Invest 56:1386—1395, 1975
7. BANK N, AYNEDJIAN HS, WEINSTEIN SW: A micro-
perfusion study of phosphate reabsorption by the rat proxi-
mal renal tubule: Effect of parathyroid hormone. J Clin In-
veSt 54:1040—1048, 1974
8. BAUMANN K, RUMRICH G, PAPAVASSILIOU F, KLoss S: pH
dependence of phosphate reabsorption in the proximal tu-
bule of rat kidney. Pfluegers Arch 360:183—187, 1975
9. DENNIS VW, WOODIIALL PB, ROBINSON RR: Character-
istics of phosphate transport in isolated proximal tubule. Am
JPhysio/ 231:979-985, 1976
10. CASSOLA AC, MALNIC G: Phosphate transfer and tubular pH
during renal stopped-flow microperfusion in the rat. Pflue-
gers Arch 367:249-255, 1977
11. ULLRICI-I KJ, RUMRICH G, KLÔSS S: Phosphate transport in
the proximal convolution of the rat kidney: III. Effect of ex-
tracellular and intracellular pH. Pfluegers Arch 377:33-42,
1978
12. KNOX FG, HOPPE A, KEMPSON SA, SHAH SV, DOUSA TP:
Cellular mechanisms of phosphate transport, in Renal Han-
dling of Phosphate, edited by MASSRY SG, New-York, Ple-
num Press, in press
13. AMIEL C, KUNTZIGER H, RICHET G: Micropuncture study
of handling of phosphate by proximal and distal nephron in
normal and parathyroidectomized rat: Evidence for distal
reabsorption. Pfluegers Arch 3 17:93—109, 1970
14. SNEDECOR GW, COCHRAN WG: Statistical Methods (6th
ed). Ames, Iowa, The Iowa State University Press, 1967, p.
419
15. STEELE TH: Bicarbonate-induced phosphaturia: Depen-
dence upon the magnitude of phosphate reabsorption. Pflue-
gers Arch 370:291—294, 1977
16. WEBB RK, W000HALL PB, TISHER CC, GLAUBIGER G,
NEELON FA, ROBINSON RR: Relationship between phospha-
tuna and acute hypercapnia in the rat. J C/in Invest 60:829—
837, 1977
17. RASMUSSEN H, ANAST C, ARNAUD C: Thyrocalcitonin,
EGTA, and urinary electrolyte excretion. J Clin In vest
46:746—752, 1967
18. AMIEL C, KUNTZIGER H, COUETTE 5, COUREAU C, BER-
GOUNIOUX N: Evidence for a parathyroid hormone-inde-
pendent calcium modulation of phosphate transport along
the nephron. J C/in Invest 57:256—263, 1976
19. JACoBSON HR, SELDIN DW: Proximal tubular reabsorption
and its regulation. Ann Rev Pharmacol Toxicol 17:623-646,
1977
20. DENNIS VW, BELLO-REUSS E, ROBINSON RR: Response of
phosphate transport to parathyroid hormone in segments of
rabbit-nephron. Am J Physiol 203:F29-F38, 1977
21. ROCHA AS, MAGALDI JB, KOKKO JP: Calcium and phos-
phate transport in isolated segments of rabbit Henle's loop. J
Clin Invest 59:975—983, 1977
22. KUNTZIGER H, AMIEL C, ROINEL N, MOREL F: Effects of
parathyroidectomy and cyclic AMP on renal transport of
phosphate, calcium and magnesium. Am J Physiol 227:905-
911, 1974
Bicarbonate and kidney handling of phosphate 755
23. HAAS JA, BERNDT T, KNOX FG: Nephron heterogeneity of
phosphate reabsorption. Am J Physiol 234: F287—F290, 1978
24. POUJEOL P, CORMAN B, TOUVAY C, DE ROUFFIGNAC C:
Phosphate reabsorption in rat nephron terminal segments:
Intrarenal heterogeneity and strain differences, Pfluegers
Arch 371:39—44, 1977
25. PASTORIZA-MUNOZ E, COLINDRES RE, LASSITER WE,
LECHENE C: Effect of parathyroid hormone on phosphate
reabsorption in rat distal convolution, Am J Physiol
235:F321—F330, 1978
